This work shows a study of the periodic ferroelectric domains formed in LiNbO 3 crystals doped with rare earths by means of scanning near field optical microscopy (SNOM) technique. It has been observed periodic structures associated with ferroelectric domains with an unexpected high value of the optical contrast working under reflectance SNOM mode. From Raman-Nath diffraction patterns, a refractive index modulation of ∆n ~10 -4 has been calculated. These results were correlated with the ferroelectric periodic domains obtained by the SNOM technique. A light waveguide effects along the ferroelectric domains is suggested to explain the high reflectance contrast observed in SNOM experiments.
INTRODUCTION
LiNbO 3 is a ferroelectric crystal widely used in photonic devices due to its high non-linear coefficients. In the last years it has been demonstrated the viability of creating periodic ferroelectric domains in LiNbO 3 (PPLN) using different procedures (chemical, thermal and/or electrical fields) [1] .
The feasibility of forming these periodic ferroelectric domain structures has extended the range of application of lithium niobate crystals in the photonic field. In particular, good results have been obtained in guide configurations, where the necessary domain inversion depth is only of few microns, thus making it possible the development of high efficient frequency conversion devices [2] [3] [4] [5] [6] [7] .
When ferroelectric domains are formed during the crystal growth process the final PPLN structures are strongly dependent of the dopant concentration [8] . Although the formation of these ferroelectric domains has been recognized for years, little is known about the mechanism involved in their formation.
From the discovery of the ferroelectricity several techniques have been utilized for the observation and study of the ferroelectric domains [9] . Among them, the optical methods have been extensively used. They have the advantage of being non destructive, though they present a limited resolution imposed by diffraction effects. This inconvenient is actually overcome working in near field approximation. In particular, the technique called "Near-Field Scanning Optical Microscopy" (SNOM) allows to reach resolutions lower than the wavelength used for the observation [10] .
In this work a study of ferroelectric periodic domains in doped LiNbO 3 by means of the SNOM technique is presented.
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EXPERIMENTAL
LiNbO 3 crystals doped with Er 3+ and Yb 3+ ions were grown by the "on centred"
Chzochraski method along the x-axis in air atmosphere with automatic control of diameter. The rare earths concentrations in the melt were Er 3+ (0.5 mol%) and Yb 3+ (0.5 mol%). Diffraction patterns were generated by using a He-Ne (633 nm) beam perpendicularly to the ferroelectric domains.
EXPERIMENTAL RESULTS AND DISCUSSION
Recently, it has been observed the presence of 180º periodic ferroelectric domains in rare-earths doped LiNbO 3 crystals grown along the optical axis by the "on centred" Czochraski method. It was reported that the concentration of dopants plays a 4 critical role in the formation of these domains, especially in relation with its periodicity [8] . Figure 2 (a and b) shows the images at the etching sample. As it is well known the chemical etching produces ruts in both faces, which are associated with the presence of ferroelectric domain. These ruts are clearly observable as it is displayed in Figure 2 where it is relevant to comment that the images of the ruts are not symmetrical in a face with regard to the opposite one. This indicates that when the ferroelectric domains are formed during the crystal growth process, they do not remain parallel to the growth direction and they change along the time [8] . Figure 3b shows the topographic average profile corresponding to the AFM image. The wedge produced by etching in the negative domain is ~150 nm depth, with a width of ~1 μm.
Additionally the topography reveals that the positive (un-etched zone) and negative ferroelectric domains present different size which is in accordance with previous observations [8] . Nevertheless, a periodic structure can be described considering a constant periodicity of ~ 5 μm. In relation with the ferroelectric domains structure found in the crystals used in this work, it is relevant to point out that the above mentioned periodic structure is not invariant along the sample. In fact, along the sample it is found zones with periodic structures from 5 to 30 μm period.
To proceed now with SNOM measurements with the same sample used in the AFM experiments, the chemical etching was eliminated by polishing the sample up to an optical degree. Figure 4a shows a two-dimensional SNOM image working in the reflectance mode. In Figure 4b The ∆R/R value calculated from Figure 4b is around 20%, and accepting an average value for the LiNbO 3 refractive index of n ~2.3, from (1) an index variation of ∆ñ 2x10 -1 is obtained. This ∆n value, which is high in comparison with data obtained in electric field poled domain structures [12] , can be alternatively measured by means of diffraction experiments. In this sample the far field diffraction pattern was observed, and it is presented in Figure 5 The discrepancies between the ∆n values calculated from the diffraction experiments and SNOM measurements could be associated with the experimental illumination conditions. In fact, the values obtained from the diffraction patterns due to the laser spot area ~1 mm 2 represent an average of ∆n, while the SNOM data are collected from a small area, and therefore give information about local variations.
However, in an early work it has been considered that the domain walls in undoped electrically poled LiNbO 3 crystals, behave as light pipes [13] . Recently, this argument has been used to explain the SNOM high optical contrast observed in periodically poled BBN crystals working in both transmission and collection modes. The periodic ferroelectric domains generate a spatial modulation of the refraction index that transforms this material in an array of optical waveguides [14] . The discrepancies between the ∆n values calculated from the diffraction and SNOM technique can be understood considering light pipe effects associated with the ferroelectric domain walls. 
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